Visual search is faster and more accurate when a subset of distractors is presented before the display containing the target. This "preview benefit" has been attributed to separate inhibitory and facilitatory guidance mechanisms during search. In the preview task the temporal cues thought to elicit inhibition and facilitation provide complementary sources of information about the likely location of the target. In this study, we use a Bayesian Observer model to compare sensitivity when the temporal cues eliciting inhibition and facilitation produce complementary, and competing, sources of information. Observers searched for T-shaped targets among L-shaped distractors in two standard and two preview conditions. In the standard conditions, all the objects in the display appeared at the same time. In the preview conditions, the initial subset of distractors either stayed on the screen or disappeared before the onset of the search display, which contained the target when present. In the latter, the synchronous onset of old and new objects negates the predictive utility of stimulus-driven capture during search. The results indicate observers combine memory-driven inhibition and sensory-driven capture to reduce spatial uncertainty about the target's likely location during search. In the absence of spatially predictive onsets, memory-driven inhibition at old locations persists despite irrelevant sensory change at previewed locations. This result is consistent with a bias towards unattended objects during search via the active suppression of irrelevant capture at previously attended locations.
Introduction
The ability to select relevant over irrelevant information is crucial for goaldirected behaviour. In visual search, this ability is assessed by measuring changes in the speed or accuracy of target detection in the presence of varying numbers of non-targets (distractors). Previous research has shown detection is enhanced when a subset of the distractors is presented prior to the onset of the search display. This enhancement, known as the preview benefit (Watson & Humphreys, 1997) , is thought to reflect observers' ability to use temporal information to exclude irrelevant distractors during search. This may be achieved by inhibiting activation at "old" locations in the preview, (Watson & Humphreys, 1997) , prioritising "new" objects as they appear in the search display (Donk & Theeuwes, 2001; , or a combination of both mechanisms von Mühlenen, Watson & Gunnell, 2013) . Support for the role of inhibition comes from studies that have used the dot-probe procedure to contrast the accuracy of detection at old and new locations: Probes at old locations are typically harder to detect than those at new locations (Humphreys, Stalmann, & Olivers, 2004) . This inhibition only occurs when probe-detection is embedded within a search task, suggesting observers use the preview to attenuate visual input at old locations (Humphreys et al., 2004; Kunar, Humphreys, Smith, & Hulleman, 2003; Watson, Humphreys, & Olivers, 2003) . Inhibition has also been shown to generalise from previewed locations to previewed features such as colour and shape (Braithwaite & Humphreys, 2007; Watson et al., 2003) . Inhibitory guidance has also been shown to persist in dynamic displays, suggesting the preview benefit is mediated by the active suppression of features when the location of previewed objects change (Andrews, Watson, Humphreys & Braithwaite, 2011; Watson, Humphreys & Olivers, 2003; ).
The findings above suggest observers maximise efficiency by excluding the locations or features of old objects during search. Findings from other studies, however, have emphasised the contribution of facilitation to the preview benefit. This is usually attributed to the reflexive prioritisation of new items as they appear in the display (Donk, Agter, & Pratt, 2009; Donk & Theeuwes, 2001; . Luminance onsets are known to elicit attentional capture, and the generation of the preview benefit is reduced or slowed when new items are equiluminant with the background of the display (Braithwaite, Hulleman, Watson, & Humphreys, 2006) . Electrophysiological data indicate attentional capture modulates target processing within approximately 200-ms of the onset of the search display, while inhibition is associated with a sustained negativity between 350 and 750-ms after the onset of the preview display (Jacobsen, Humphreys, Schröger, & Roeber, 2002; Kiss & Eimer, 2011) . These findings suggest attentional capture and inhibition elicit complementary sources of information about the likely location of the target before and during search.
When luminance changes at old locations coincide with the onset of the search display, however, the predictive utility of attentional capture is compromised, because it occurs at old and new locations. This happens when the preview is extinguished prior to its reappearance with the search display, or when old items flash on and off as the search display appears (Watson & Humphreys, 1997; . In these situations, the preview benefit is reduced or abolished. Watson and Humphreys (1997; interpreted these findings as evidence of an adaptive mechanism that overrides inhibition when sensory change occurs at old locations. This possibility would distinguish inhibition in the preview task from the visual working memory (VWM) resources thought to mediate temporal coherence as movements of the observer or objects in the scene produce changes in the retinal image associated with sensory inputs (Al-Aidroos, Emrich, Ferber, & Pratt, 2012; Hollingworth, Richard, & Luck, 2008; Jiang & Wang, 2004; Phillips, 1974; Pylyshyn & Storm, 1988 ).
An alternative explanation is that competition between inhibition and attentional capture simply reduces the signal-to-noise ratio during search when old and new items appear together (Allen & Humphreys, 2007) . In this situation, accurate performance requires observers to maintain a representation of the preview in the face of irrelevant luminance onsets or changes at old locations.
The extent that observers can intentionally suppress attentional capture remains controversial (Belopolsky, Schreij, & Theeuwes, 2010) , however; any reduction of inhibition would reduce the preview benefit by increasing the number of potential target locations during search. Increasing spatial uncertainty about the target's location is also likely to elicit a concomitant shift in observers' response thresholds, with the increased likelihood of mistaking a distractor for the target eliciting slower, more conservative responses (Palmer, Verghese, & Pavel, 2000; Palmer, 1998; Smith, 2010) . The use of RTs to measure the preview benefit in the majority of studies renders the distinction between changes in sensitivity and response criterion opaque. Differentiating the way temporal cues impact upon observers' ability to use VWM to exclude irrelevant distractors, however, is likely to provide important information about the way inhibition and attentional capture interact to guide selection during search.
The current study investigates whether onset transients or sensory change necessarily abolishes memory-driven inhibition in preview search. To do this, we employed a Bayesian Observer analysis (BO) to contrast discriminability (sensitivity) and response criteria during standard and preview searches. BO analysis is a subset of signal detection theory (SDT) that has been used to model search when the target location is predictively cued (Eckstein, 2011; Palmer, 1994; Shimozaki, 2010; Shimozaki, Schoonveld, & Eckstein, 2012; Verghese, 2001 ) Unlike RT analyses, SDT/BO models provide a statistical framework for differentiating changes in observers' sensitivity and response criterion.
According to SDT/BO models of search, target and distractor stimuli are represented as continuous random distributions. The variance of these distributions is typically assumed to be equal, and target discriminability is determined by the normalised difference between them (d'). In a "yes-no" task, locations in the display are sampled in parallel for evidence of the target. The observer calculates the posterior probabilities for target presence and absence and compares the ratio of these to a decision criterion (λ). If the ratio exceeds λ, the observer responds target-present. If not, the observer responds targetabsent. As the conditional probability of the target's presence is computed across all items in the display, the SDT/BO model can be used to compare sensitivity when the temporal cues distinguishing old from new items provide complementary or competing information about the subset of locations likely to contain a target.
To manipulate the predictive utility of temporal cues during search we used four conditions. Standard search conditions presented a single display in which the target could be present or absent: Full-standard displays were used to estimate d' and λ values for each observer at set sizes of 4 and 8; Half-standard displays were used to estimate d' and λ when each set size was halved.
Performance in these conditions was compared against two preview conditions .
In the No-gap condition, the search display was preceded by a preview display that remained on the screen until the search array appeared. In this condition, inhibition and attentional capture provide complementary information about the subset of locations in which the target can appear. In the Gap condition, the preview display was extinguished one second before reappearing at the same time as the search display. In this condition, the preview specifies locations that are irrelevant for the forthcoming search, while attentional capture driven by the onsets in the search display is non-predictive of target location. If inhibition at old locations is 'reset' by sensory change, the synchronous onset of old and new items in the Gap condition should abolish the preview benefit. If, however, observers are able to suppress attentional capture at old locations, the synchronous onset of the preview and search displays should expose the contribution of inhibition. Furthermore, this contribution is likely to be emphasised when the number of new locations equals the capacity of the mechanisms thought to mediate attentional capture (Yantis & Jones, 1991) . To assess this possibility, we contrasted estimates of d' and λ in standard and preview search conditions at different set sizes.
Method: Experiment 1

Observers
54 observers were recruited to the study. 24 were male and age ranged from 18 to 48 years (Mage = 21.2, SD = 5.69). All reported normal or normal-tocorrected vision and were naïve to the purpose of the study.
Apparatus
The experiment was run on an IBM PC with a 19' CRT View Sonic G90fB monitor (Walnut, CA, USA). The display resolution was 1240 x 768 pixels and the frame rate was 85Hz. Stimulus presentation and data collection were controlled using custom-built software in MATLAB (Mathworks, Natick, MA, USA) with Psychophysics toolbox extensions (Brainard, 1997; Kleiner et al., 2007) . Viewing distance was maintained at 57 cm using a fixed chin rest and responses were collected using a Cedrus RB-350 Response Pad (San Pedro, CA, USA). The experiment was conducted in a quiet, dimly lit room.
Stimuli
Observers searched for a T-shaped target among L-shaped distractors. The intersection of the bars on the target occurred at the mid-point of the short bar.
On distractors, the intersection of the long and short bars produced a right angle.
Distractors were rotated 180° relative to the target and the target and distractors could be presented at 90° or 270° of rotation from the vertical (see Figure 1 ). Stimuli subtended 1.6° x 1° on the circumference of a virtual circle with a radius of 8° and 12 equally spaced locations corresponding to the digits on a clock face. Stimuli were mid-grey (24 cd/m 2 ) and presented on a uniform black (0.33 cd/m 2 ) background (see Figure 1 ). Figure 1 illustrates the sequence of events on each trial in the standard (Full and Half display) and preview search conditions (Gap and No-gap) . Trials began with a fixation cross at the centre of the screen and ended with a search display. Search displays were presented for 24-ms and contained a target on 50% of trials. In the standard conditions, search displays followed an initial fixation of 1000-ms. In the No-gap condition, search displays were preceded by a preview display, which remained on the screen when the search array appeared 2000-ms later. In the Gap condition, the preview and search displays were separated by an inter-stimulus-interval (ISI) of 2000-ms, during which a fixation cross was centred on an otherwise blank display. Following the ISI, the preview and search displays appeared at the same time. Preview displays had half the number of objects as search displays and contained distractors only. For example, at set size 4, preview displays contained 2 objects and search displays contained 4 objects; 2 old and 2 new. On target-absent trials, preview and search displays contained an equal number of both distractors. On target-present trials, the target replaced one distractor, which was randomly picked on each trial. Search displays could contain 2, 4 or 8 objects randomly assigned to one of 12 locations and observers reported the presence or absence of the target using a button-press to signal "yes" or "no". Standard and preview trials were randomly interleaved in blocks of 160 trials, and observers completed 5 blocks to generate 100 responses in each search type by set size condition. ** Figure 1 here **
Procedure
Bayesian model for preview search
The observer's task is to detect a target (T) among distractors, or 'noise' stimuli, (N) in one of M possible locations. Following SDT convention, we assume target and distractors elicit Gaussian responses of equal variance (Green, & Swets, 1966; Wickens, 2001) . In this case, we set the mean target response to zero and the mean response to each distractor as ± d'. The Bayesian Observer computes the posterior probabilities of target presence and absence, given the responses x = (x1, x2,…,xM) at all locations 1,…,M, or p(T|x) and p(N|x), respectively. These can be calculated by adding the posterior probabilities of x for all possible arrangements of objects in target-present and target-absent displays, respectively. By Bayes' theorem these can be calculated with the prior probabilities of target presence/absence (p(T), p(N)), and the prior probabilities of the responses (x), given target presence/absence (p(x|T) and p(x|N), or the likelihoods). Assuming independence, and substituting the Gaussian assumption, the likelihood of target presence at location i on a single trial is given by:
with Φ equal to the Gaussian probability density function. For simplicity, the equation above presents the general expression when all distractors in the display are the same (see the appendix for a complete derivation of the model for displays containing distractors at ± d' at all possible spatial arrangements). Also, note that zero is the mean for the target distribution and d' is the mean for the distractor distribution for this model. In a yes-no task, the Bayesian Observer generates a response by calculating the posterior probability of target presence over that of target absence, given the vector of responses at each location (x).
Using Bayes' theorem, assuming equal numbers of target present and target absent trials, and with equal probability of the target appearing at any location,
Where lT is the likelihood of target presence (over all locations i), and lN is the likelihood of target absence. The logarithm of this value is then compared to a decision criterion (λ). If the logarithm of the likelihood ratio is equal or exceeds λ, the observer responds "yes". If the log likelihood ratio is less than λ, the observer responds "no".
To fit the Bayesian model to human data, d' and λ were systematically varied to estimate the hit and false alarm rates that best fit each observer's performance. Parameter estimates for all potential target and distractor arrangements were generated using Monte Carlo simulations, with 50,000
repetitions for each search type by set size condition (Kupinski, Hoppin, Clarkson, & Barrett, 2003; Shimozaki, Eckstein, & Abbey, 2003; Shimozaki et al., 2012) . Importantly, the SDT/BO model provides estimates of d' that are independent of the increase in decision noise associated with larger set sizes, as well as changes in the observer's decision criteria as the task gets harder.
In the current study, the standard search conditions represent baseline measures for performance in the preview conditions. Half displays provide a n estimate of optimal use of the preview to exclude irrelevant locations during Table 2 presents the mean parameter estimates of the best fitting model for each observer in standard and preview searches at set sizes 4 and 8.
Estimates although the increased cost compared to Standard-half displays indicates a reduction in the efficacy with which new objects were selected. The data also reveal a significant increase in observers' sensitivity in Gap compared to the Standard-full displays, but only at set size 8. In the Gap condition, this increase can only be attributed to memory-based inhibition of old objects, because the simultaneous presentation of old and new objects negates the predictive utility of capture (Watson & Kunar, 2010; . At set size 4, however, estimates of sensitivity in the Gap and Standard conditions were statistically equivalent, suggesting memory-based inhibition is ineffective when the number of onsets small.
The data above reveal two important findings: i) the preview benefit is largest when the locations of old and the onsets of new objects provide complementary information about the target's likely location and ii) the preview benefit occurs when the only information available to guide search is the previously extinguished preview. In the Gap condition, this benefit persists despite the synchronous onset of old and new objects, indicating observers are able to use memory of the preview to suppress irrelevant capture during search.
Notably, however, the benefit associated with memory-based inhibition is only apparent when the number of onsets in the search display is greater than four .
The results above are consistent with a model in which search is biased towards new objects via a mixture of inhibition and stimulus-driven capture.
These processes may operate on a spatial representation or one that is sensitive to the features as well as the locations in the preview display (e.g., Andrews et al., 2011) . In order to distinguish between these possibilities, Experiment 2 contrasted observers' sensitivity when the orientation of old objects changed at the onset of the search display. This manipulation was designed to introduce a spatiotemporal discontinuity in previewed distractors' features (shape) in the absence of a change in global luminance at old locations (Watson & Humphreys, 2005) .
Method: Experiment 2
Observers
20 observers were recruited to the study: Two were male and age ranged from 18 to 47 years (Mage = 21.6, SD = 1.61). All reported normal or corrected-tonormal vision and were naïve to the purpose of the study.
Apparatus and Stimuli
The apparatus, stimuli and test conditions were identical to those used in Experiment 1.
Procedure
The procedure was identical to that used in Experiment 1 except that the orientation of the distractors in the preview displays was rotated ± 180 degrees of those in the search display. At the onset of the search display, the rotation of old objects changed to match new objects in the search display. Figure 3 illustrates this manipulation in the No-gap and Gap conditions. Table 3 here ** and an increase in λ as set sizes in the standard and preview displays increase. ** Table 4 In this situation, observers must rely on information about the previous location of old items to prioritise relevant locations in the face of conflicting capture. This resistance to irrelevant change is a core feature of VWM, and indicates the preview benefit is not necessarily reset by onsets or orientation change at inhibited locations (Al-Aidroos et al., 2012; Phillips, 1974; Jiang & Wang, 2004) .
Model estimates and fits
Moreover, the increase in sensitivity in the Gap compared to the Standard-full conditions shows observers (partially) suppressed attentional capture at old locations when it was non-predictive of the target's location. This indicates a level of top-down control over stimulus-driven capture at previously attended locations during search, and highlights the role of VWM in biasing selection towards unattended locations (Al-Aidroos, et al., 2012; Emrich, Ruppel AlAidroos, pratt & Ferber, 2008; Folk, Remington, & Wright, 1994; Kiss, Jolicoeur, Dell'Acqua, & Eimer, 2008; Osugi & Murakami, 2015) .
The preservation of the preview benefit in the Gap condition is consistent with inhibition via a robust representation of old items in the display. This finding presents a challenge to explanations based purely on stimulus -capture at new locations (Donk & Theeuwes, 2001) or the segregation of old and new items via temporal asynchrony (Jian, Chun & Marks, 2002) . In our study, the synchronous onset of old and new objects did not abolish the preview benefit in the Gap condition, indicating observers used the remembered locations of old objects to guide search. The asymmetric pattern of benefits across set size in the Gap condition, however, was unexpected. In the Gap condition, the preview benefit was specific to set size 8. This suggests the relative contribution of inhibition to search is inversely related to the number of locations at which capture occurs. Jiang and Wang (2004) interpreted a similar dependency as evidence that preview search is guided by the spatial representation of new objects in VWM plus an unlimited, fast-decaying memory of temporal asynchrony. In the current experiment, search displays were extremely brief (24-ms); indicating inhibition influences the accumulation of evidence for the target within a single fixation. This limits the time available to transfer the spatial coordinates of new objects into VWM, and suggests inhibition biases selection at, or shortly after, the onset of the search display.
Previous research investigating RT benefits associated with the onset of new objects during search has also revealed an inverse relationship between the number of onsets in the display and the speed of target identification (Yantis & Johnson, 1990; Yantis & Jones, 1991) . In these studies, a model in which capture prioritised a set of up to four objects best described RT-benefits. In a more recent study, Sunny & von Mühlenen (2013) found capture yielded the largest decrease in RTs when the target appeared at a single, or one of two, new locations.
Estimated capacity-limits for inhibition during search are generally higher;
ranging from around five to 20 objects (e.g., Jiang et al., 2002; Osugi et al., 2015; Watson & Kunar, 2012) . Assuming inhibition and capture represent separate resources, this asymmetry would have driven differences in the magnitude of the preview benefit at set sizes four and eight in the Gap condition, because the proportionate decrease in capture at the larger set size would have had less impact on inhibition at old locations. As the distribution of non-predictive onsets increases with set size, the contribution of memory-based inhibition during search becomes more obvious; reducing the cost and increasing the benefit observed in Gap compared to Standard-full displays.
The interpretation of the data above is consistent with a SDT/BO model that assigns negative and positive weights at old and new locations respectively (Allen & Humphreys, 2007; Osugi & Murakami, 2015; Shimozaki et al., 2012) .
Experiment 2 investigated whether these processes are sensitive to changes in the spatiotemporal coherence of old objects. Previous experiments have shown the preview benefit is abolished when the shape of old objects changes at the onset of search (Watson and Humphreys, 1997; . This reduction, which occurs in the absence of global luminance changes, indicates inhibition is reset when sensory change at old locations signals the appearance of a new object.
Consistent with these findings, rotating the distractors completely abolished the preview benefit in the No-gap condition. This suggests spatiotemporal discontinuity elicited a re-evaluation of previewed objects when the search display appeared. In this case, the disruption of the preview benefit in the No-gap condition is consistent with inhibition that is sensitive to the features as well as the locations of previewed objects (Braithwaite & Humphreys, 2007; Watson et al., 2003) .
In contrast to the above, the maintenance of the preview benefit in the Gap condition is difficult to reconcile with feature-based inhibition. In Gap displays, the previewed objects were rotated ± 180° before reappearing with the search display. Spatiotemporal discontinuity at old locations, therefore, did not reset inhibition in the presence of the gap. The difference between the No-gap and Gap conditions may reflect feature-and space-based inhibition in the presence and absence of the gap respectively. A more parsimonious explanation, however, is the difference reflects the salience of the sensory transients in each condition. In Experiment 2, rotating the distractors produced apparent motion at old locations as well as local luminance changes. Motion-onsets have been shown to capture attention during search (Al-Aidroos, et al., 2010) and would have been most salient in the No-gap condition when change occurred on adjacent frames (Petersik, 1989) . Memory-based inhibition of irrelevant capture is likely to depend on the salience of the eliciting stimulus (Abrams & Christ, 2003; Folk et al., 1994) and motion-onsets may have elicited a larger orienting response at old locations in the No-gap condition. In this situation, persistent inhibition in the Gap condition would reflect a decrease in the positive weight assigned to old locations when inhibition and capture combine.
The inhibition observed in our Gap condition contrasts with previous results indicating inhibition is reset when previewed distractors reappear or change shape (Watson & Humphreys, 1997; . This discrepancy may reflect our use of a SDT/BO analysis to isolate changes in sensitivity from changes in response bias during search. Very few studies have investigated changes in the accuracy of standard and preview searches, and RTs are influenced by perceptual as well as post-perceptual factors. Our analyses revealed a greater tendency to report the target absent as set size increased in both experiments. In the preview conditions, this shift towards more conservative response criteria as spatial uncertainty increases, predicts a slowing of responses, as observers require more information to accept or reject the presence of the target (Palmer, Verghese, & Pavel, 2000; Palmer, 1998) . In this case, the increase in RTs when old and new items appear together in previous studies may reflect a slowing of the decision process rather than sensitivity during search.
Another difference between our own and previous research is the set sizes we employed. Although the majority of preview studies have included set sizes four and eight, most have also included set sizes up to 16 (e.g., Watson & Humphreys, 1997; Watson & Kunar, 2010) . Recent work by Al-Aidroos and colleagues (2012) The Gap condition in the current study was designed to isolate memorybased inhibition from stimulus-driven capture during search. Using the same procedure, Kunar and colleagues (2003) showed the RT benefit associated with a briefly presented preview was increased by an earlier exposure of the same objects. In our study, the use of the SDT/BO model provides direct evidence that observers can use the locations of the previously extinguished preview to increase sensitivity during search. While these findings show this procedure can be effective, conflict between inhibition and irrelevant capture at old locations is likely to underestimate the contribution of the former during search. An alternative way to isolate memory-based inhibition in preview search is to mask the sensory events that capture attention (Irwin & Humphreys, 2013; Watson & Kunar, 2010; von Mühlenen, Watson, & Gunnell, 2013) . In common with our own results, studies adopting this approach have revealed a partial preview benefit when luminance onsets associated with new objects are occluded or masked.
Extending these paradigms to include a Gap condition would allow inhibition at old locations to be quantified in the presence and absence of irrelevant capture.
Parametrically modulating the luminance of the onsets during search, may also provide further insight into the way salience affects inhibition during search when memory and capture provide complementary and conflicting sources of information.
In conclusion, the findings of the current study are consistent with a model in which memory-based inhibition and stimulus-driven facilitation combine to guide the selection of relevant objects during search (Bundesen, 1990; Desimone & Duncan, 1995; Hyun, Woodman, Vogel, Hollingworth, & Luck, 2009; Woodman, Luck, & Schall, 2007) . When inhibition and attentional capture provide complementary sources of information, both mechanisms combine to increase sensitivity. When inhibition and attentional capture provide conflicting sources of information, their combination at old locations appears to reduce the efficacy of selection. Comparisons of d' in the preview and standard search conditions suggest this reflects increased spatial uncertainty about the subset of locations that can be excluded from search (Allen & Humphreys, 2007; Gould, Wolfgang, & Smith, 2007; Shimozaki et al., 2012; Swensson & Judy, 1981) . In the Gap condition, the maintenance of inhibition in the face of irrelevant capture supports the assertion that that VWM can bias selection towards previously unattended locations during search (Al-Aidroos et al., 2012; Emrich et al., 2008; McCarley et al., 2003) . In addition, our data indicate the contribution of memorybased inhibition to the preview benefit is sensitive to both the number and salience of objects that elicit capture during search (Jiang & Wang, 2004; Watson & Humphreys, 1997; Yantis & Johnson, 1990; Yantis & Jones, 1991) . This dependency suggests efficient search relies on the effective integration of separate forms of guidance rather than a single unitary resource. Investigating whether this relationship generalises to larger displays, is likely to provide important information about the way these processes interact when the number of new and old items exceeds the capacity of VWM during search. 
Tables
Appendix: Derivation of Bayesian Observer Model
Task description:
The current study considers a detection task in which the observer has to report the presence or absence of a target in a search display of size M (M = 4 or 8).
Target-present and -absent trials occur with equal probability. As discussed in the main text, there are four variants of the task (standard-full, standard-half, gap and no-gap search displays). In the following, the focus is on the derivation of the Bayesian observer (BO) model for the full display; the application of the formalism to the other tasks is straightforward and will be briefly discussed at the end.
In the standard task, displays on target-absent trials contain 2 kinds of L-shaped distractors (designated + and -), one with a leftward and one a rightward oriented short bar. On a target-absent trial, the search display comprises M/2 distractors of each kind. On a target-present trial, one of the distractors is replaced by a T-shaped target (designated 0), i.e., the display contains M/2-1 distractors of one kind and M/2 distractors of the other.
Thus, the features that set the mathematical modelling of this task apart from more basic BO models are (i) the presence of two different types of distractors and (ii) the restrictions on the permissible combinations of distractors that can be presented in the search display. Assumptions about the observer:
In accordance with signal-detection theory, we assume that the subject acquires noisy observations of the objects in the search display and records the stimulus values x1,…,xM. If location i contains the target, the corresponding stimulus xi is modelled as a random draw from the standard normal distribution with mean 0 and variance 1. If location i is a distractor, the stimulus is a random draw from a normal distribution with variance 1 and a mean of d' or -d' for distractor types + and -, respectively. These assumptions are based on the positioning of the intersection of the short and long bars, with the intersection for the target (Tshape) falling midway between the intersections of the two distractors (Lshapes).
The Bayesian observer model: In the BO model, it is assumed that the subject computes the posterior probabilities for target presence and absence given the observed stimuli. The response to the trial then depends on whether the ratio of these probabilities is above a predetermined threshold (criterion).
The mathematical description of the BO model requires to us introduce some definitions and basic relationships:
5. The posterior probabilities for target presence, given the vector of observed stimuli x = (x1,…,xM), can be expressed as
The first equality uses Bayes' law whereas in the second the events of target presence or absence were decomposed into the contributions from the underlying object arrangements in the search display. A corresponding relation holds for p(N|x).
The Bayesian observer computes the ratio R(x) of the posterior probabilities.
With the help of Eq. (5), this can be expressed as
Using Eqs. (1)-(4), R(x) can be computed for any given stimulus set x. The observer chooses a criterion λ, and a target-present response is supplied whenever R(x) > exp(λ) (or, equivalently, log R(x) > λ).
As an illustration of Eq. (5), the denominator for M=4 is given by Computing hit and false-alarm rates: A key issue in data analysis based on the BO model is the computation of hit and false-alarm rates for given d' and λ. This can be accomplished by means of Monte-Carlo simulation. To compute, e.g., the false-alarm rate one can proceed in the following way:
3. Record whether x would have led the subject to a target-present decision by computing the posterior-probability ratio R(x) according to Eq. (5) and comparing it to the criterion value. 4. Repeat steps 1-3 a large number of times (say, 50,000). The false-alarm rate is then given by the fraction of target-present decision.
The hit rate is computed analogously by drawing from the target-present arrangements. In practical numerical calculations, the computations can be sped up in various ways, for example by re-using the same set of ratios R(x) for varying criteria at fixed d' or by using interpolation schemes after computing the rates on an initial grid of d' and criterion values.
The dependence of the hit and false-alarm rates on d' and set size is illustrated in Fig. 2 . Estimating d' and criteria from observed hit and false-alarm rates: As the above plot suggests, there is a one-to-one correspondence between pairs of hit and false-alarm rates at a given set size and the corresponding BO-model parameters d' and λ. Point estimates of these parameters can therefore be obtained by numerically inverting the map from d' and λ to the rates. One way to achieve this is by minimizing chi-square, i.e., as a function of d' and λ. Here, and denote the numbers of targetpresent and -absent trials, respectively, and are the observed rates, and ( ′ , λ) and ( ′ , λ) describe the rates computed from d' and λ as explained above. At the estimated values of d' and λ, the computed rates perfectly reproduce the observed ones so that 2 equals zero.
Note that the one-to-one correspondence only holds if ≥ since for all values of d' and λ, ( ′ , λ) ≥ ( ′ , λ). In the current study, the case of < occurred only very rarely, and under these circumstances, d' and λ were still estimated by minimizing 2 ( ′ , λ).
Analysis of half-display and preview tasks: The half-display task is treated in the same way as a standard task at half the display size. To determine the preview benefit, the gap and no -gap tasks are analysed like a standard task at the same display size. The d' values found in this way are then related to the ones obtained from the standard task.
To compute the preview cost, we make use of the fact that the preview locations are chosen such that they contain an equal number of + and -distractors. The objects at unpreviewed locations thus form valid arrangements for a standard search at half the display size, and the gap and no -gap tasks are therefore analysed as such.
